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I. INTRODUCTION 


Deacvnt guidance of aircraft into high density terminal areas 
presents the Air Traffic Control <ATC)' system with two major woncerns 
safety and efficiency. Safety is <^uite naturally the first and 
foremost concern< while overall system efficiency becomes more and 
more important as fuel costs and demand for services increase. 
Moreover# efficien-y and safety are interrelated# especially during 
peak periods. Poor system performance will likely result in 
additional congestion which will# in turn# produce additional 

safety-related problems. Recent advancements in navigation and 
guidance indicate that an aircraft# if properly equipped# can reduce 
its terminal area fuel consumption and improve its delivery accuracy 
to the runway. All aircraft# however# are users of the ATC system and 
must receive ATC clearances in order to execute advanced approaches. 
The accomodation of these approaches by the ATC system requires a high 
degree of coordination between final# approach and en route 

controllers. The controllers may be aided in this task by digital 
computers. Of particular interest are the potential improvements in 
system efficiency that may be derived from assisting the controllers 
with their minute-to-minute decision-making task of sequencing and 
scheduling arrivals at the runway. The sequencing and scheduling taisk 
is of interest because vunway utilization is affected by the specific 
order in which arrivals are served. This is a consequence of the 
FAA's weight dependent safety separations and also from the 

differences in aircraft approach and landing velocities. 

One decision methodology# termed Constrained Position Shifting 
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<CPS) hat btan propottd CIJ to ttqutnct and tchadult Arrivals in a 
mora tfficitnt manntr than firtt-comt# firtt-sarva. Tha CPS 
mathodology astantiallg datarminat local darandomi zations of tha 
arrival svrtam wharaby all aircraft ara subjact to a fundamantal 
tarvica constraint. This constraint raquiras that avary aircraft ba 
assignad to land within a pra~spac i f i ad numbar of positions from its 
first-coma, first-sarva position with raspact to arrival at tha runway 
(FCFS-RW) As a consaquanca. this maKimum position shift (MPS) 
constraint allows tha controllars <computars) to rasaquanca tha 
aircraft in a mannar that improvas ovarall afficiancy whila ansuring 
that no aircraft is inordinataly displacad. 

In tha joint rasaarch Intarchanga Numbar NCA-0R293-7. tha CPS 
algorithm was adapted so as to ba compatibla wi«h tha raal-time 
simulation facility of the NASA-Amas Rasaarch Cantar's Aircraft 
Navigation and Guidanca Branch. Ono major accomp 1 ishmant of this 
Intarchanga Number NCA2-OR293-0O1 was tha development o^ an 
avant-to-avant simulation which graphically displays tha CPS 
methodology . Tha scenario adoptal by this demonstration simulation was 
that of tha Denver terminal area <actually a region within a radius of 
approx imataly 129 n. m. from Denver's Stapleton Airport). This region 
and route structure is identical to that selected in tha joint 
NASA/Amas-FAA Technical Canter real-time simulation study of profile 
descants undertaken in July and August. 1977 C21. 

A detailed description of tha CPS damonstation program plus 
sample output will ba presented. Following tha description of the 
simulation this report will present a discussion on insights gained in 
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ragard to tha imp lamantation of tha CPS mathodology into tha updatad 
ATC tyitem. Finallgi thoughts on tha incorporation of tha CPS 
mathodology into tha nait phata of raal-tima simulation uill ba 
of farad. 

II. GRAPHICAL DISPLAY OF CONSTRAINED POSITION 
1. INTROnVCTIQN 

This section describes tha event*-to~-event simulation developed to 
demonstrate the CPS methodology on a graphical display. The CPS 
mathodology will generally improve system efficiency whenever runway 
utilization is dependent upon the specific sequence of arrivals at the 
runway. This sequence dependence is the rule rather than the 
exception. A minimum interarrival time separation may be determined 
for any two successively arriving aircraft. This time separation is a 
function of the type> weight* capability* and route of both the lead 
and following aircraft. Tha CPS methodology will offer improvement 
over simpler strategies, such as first-coma* first-serve at the runway 
(FCFS-RW) unless this minimum time separation is identical for each 
possible pair of arrivals. Previous fast-time simulations have 
demonstrated the potential gains of tha CPS methodology C13. 
Considerable delay reduction is indicated* especially during peak 
periods. The aircraft in these prior simulations were differentiated 
by their landing velocities and weight category (light* conventional 
and heavy). The demonstration simulation described here expands the 
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CPS mtthodology to includo « thrtt dimtntional routt ftructur*. At 
provioutly montioncdi th» ttrmin«l «rt« uiagpoint and routt ttructur# 
it idtntical to that adopttd in tht joint NASA-FAA rtal-timt 
simulation of profile dtsctnts into Dtnvtr^t Stapleton Airport. 
Flight tracks from tht rtal-timt simulation art tmploytd at "nominal" 
flight paths for tht CPS dtmonttrat ion. 

Tht simulation program dttcribtd htrt it uiritttn in FORTRAN on a 
POP 11/40 computtr uihich drivts an Evans and Sutherland "Picture 
System". The graphics system is connetted to three CRTs. Th«^ next 
section offers an overview of the simulation program. Thtni 
instructions fc running a CPS demonstration art prtsen^;td» followed 
by output and observations from sample runs comparing system 
performance of the FCFS-RW service discipline to the CPS strategy with 
a maximum position shift of 4. Limitations and |>ossible extensions to 
the simulation are then discussed. Finally« a descripcion and listing 
of the program is provided. 

2. PR DQRAtt 

The CPS demonstration simulation may be summarized as follows: 

Thirty aircraft arrive in a random fashion (to be described 
later) into the Denver control area en route to Stapleton Airport. 
The aircraft flight paths are reproduced from one run of the NASA-FAA 
profile descent real-time simulation of July 1977. The aircraft 
identification! position! altitude! and velocity are indicated on the 
graphical display. The data are updated every four seconds (or any 
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multiplt of four ••ccndt if to ttltcttd «t run tint). Ttblt #1 
prtttntf data on tht aircraft in tha timulation (tgpa* uitight< 
thtorttical mix ptrctntagt rout* numbtr* antranct diractioni antranca 
altitude and valocitgi landing valocitg* nominal flight tima* and 
uihathar tha aircraft fliat a profile datcant). 

tti. * (SLiZSIAft 


ENT ENT LAND NOMINAL 

A/C A/C AF'f'ROX ROUTE ENTER ALT VEL VEL FLIGHT PROF 


TYPE 

WEIGHT 

MIX 

NO. 

FROM 

(FT) 

(KTS) 

(KTS) 

TIME 

DESC? 

DC 10 

HEAVY 

257. 

2 

SW 

37, 000 

490 

152 

27m 

Os 

YES 

B737 

CGNV 

20*/ 

4 

SE 

29- 000 

460 

146 

27m 

12s 

YES 

B727 

CONV 

207. 

7 

NE 

35, 000 

475 

146 

23m 

44s 

YES 

DC 9 

CONV 

157. 

10 

NW 

31, 000 

470 

146 

24m 

56 s 

YES 

CVS0 

CONV 

107. 

12 

W 

21, 000 

295 

iMt 

34m 

56s 

NO 

DHC6 

LIGHT 

107. 

14 

N 

9, 000 

155 

100 

40m 

52 0 

NO 

Note that 

there 

are 

six types of 

a ircraf t. 

wi th 

each type 


entering tha region from a different direction. The selection of only 
one type of aircraft for each route uias made partly for timplicityi 
partly due to computer memory limitations! and partly due to the fact 
that many of the aircraft on the computer tape were instructed to 
break their profile descents and follow vectoring commands instead. 
The computations required to schedule different aircraft on the same 
route are nearly identical to those required for aircraft on different 
routes For an explanation! see Section II. E» describing the 
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scheduling subroutine. 

The simulation contains an automated scheduler uhich determines 
the tentative runuiag assignment times by employing the CPC algorithm 
(iiith a MPS value that is input at run time. The scheduler takes into 
account the aircraft i outes> nominal arrival times at the runuay* and 
weight. Assignment times are calculated such that the FAA minimum 
horizontal separation standards for co^al t itudinal aircraft is never 
violated. Table #2 presents the minimum separation standards employed 
in the simulation. 

T*ble £2 - Minimum SgJl l.lia tJjlJD. 

FOLLOWING AIRCRAFT 
LIGHT CONV HEAVY 

LEAD LIGHT 333 

AIRCRAFT 

CONV 3 33 

HEAVY 654 

Whenever a neio arrival enters the Denver control area the 
automated scheduler must revise its tentative assignment times. At 
some point in time as an aircraft travels toutards the runway the 

scheduler will change its tentative runway assignment time to a final 
(fixed) assignment time. The finalization of an aircraft's runway 
assignment time takes place when one of the following two events 
occur : 

a) The entrance of any new arrival will not change the aircraft's 
current assignmenti qji b) The aircraft is within a pre-spec if ied lead 
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tim# from th« runuiay. (A fiftotn minut* load timt it ttlvcttd hara at 
a raasonabia valua< although a timpla toftwara ravition uill changa 
thit laad time to uhataver valua datirad. ) 

Ualag it unavoidabla whanavar tha aircraft compato for runuiag 
attignmantt. Holding ttackti path ttratching and tpaad raduction ar:? 
typical procadurat for dalay abtorption Tha limulation idantifiat 
dalay abtorption by holding tha dalagad aircraft in placa and blinking 
Itf tgmbol on tha ditplag. Thit t imp 1 i f i ca t i on it nacattarg bacauta 
all aircraft mutt follout thair pradetarminad data trackt. Ail dalag> 
hou>aver« will ba abtorbad prior to tha final fiftaan minutat of 
flight. Contaquan t 1 g * tha aircraft ara ondar ttratagic control in tha 
ragion nearatt tha airport. Thit illuttratat one advantage of tha CPS 
oiathodologg* namely that tha dalag uill ba absorbed in tha outer 

regions of the control area where there it lets traffic and 1 he 
•>ircraft are relatively fuel efficient. 

Finallyf when all aircraft have arrived at the runwayi the 
simulation will output relevant statistics for the run. The next 
section presents instructions for running tha CPS demonstration. 
3. Instructions For Running a CPS Damonstrat ion 

This section presents instructions and information necessary to 
run a demonstration of the CPS methodology. The following section 
will present results from one such demonstration. 
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A. - Prggrtfn Prgflirfl,.t^qn 

1. Insert di«k titltd "ROOER DEAR - CPS DEMO” into th» PDP-ll/40 

2. Boot th« tyvtem 

3. Typf .R CPSDMQ «nd then RETURN 

4. To rt~run it it usually ntcostary to ra-*hoot tha sgstam. If 
a syttam amr occurti try 4(>ain. It should run th# second time. 

B. » Sifnultllfln IhluX Pjir4Jiig.1;jLr-i 

Six input parameters are requested at run-time. They are; 

I- gEED - This is any positive integer. The seed number sets 
the random number generator. Runs may be reproduced uiith minor 
variations. <see NOTE at the end of this section) 

2. AIRCRAFT POSITION UPDATE - This must be a multiple of 4. The 
six aircraft data tracks have positional information every 4 seconds. 
A larger update value will speed up the run. A typical update value 
might be 28 seconds. 

3. FINAL STATISTICS - If a '1' is typed here. only final 
statistics will be output If any other number is tuned.- then arrival 
information, tentative scheduling assignments and final assignments 
will also be output. A '1' is recommended. 

4. INITIAL DELAY - This must be nor -negat i ve. The first 
aircraft to reach the runway (not necessarily the first aircraft 
entering the terminal area) will be delayed by the amount input (in 
seconds). In this manner, an initial busy period may be established. 
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3. ARRIVAL RATE - This must be non-n*g4ti v#. Arrivals on ths 
samo routs ars ssparatsd by a mini....- of 92 ssconds and ths grsatsst 
intsrarrival tims (into ths tsrminal /^rsa) s(;u«ls thrss minutas. Thus 
this input paramstsr doss not corrsepond to an sxact terminal arsa 
arrival ratsi but to an approximats valus. A largs aircraft position 
updats volus will also rtducs ths s^fsetivs arrival rats. A valus 
bstwssn 33 and 43 ic appropriats. 

M Pg VALUE *- This par.imstsr dstsrminss ths maximum allowabls 
number of positions that any aircraft may bs shiftsd from its FCFS-’RU 
position. If MRS ■ 0 , than the arrivals ars FCFS-RW. A valus of MP3 
- 4 is appropriats for ths CPS run. (An MPS valus grsatsr than 4 « 111 
inersass ths computational load consldsrab ly. ) 

note; - if ths input valuss for ths SEED, UPDATE, INITIAL DELAY and 
ARRIVAL RATE ars the sams, thsn an idsntical strsaev of aircraft will 
be generated. For a typical demonstration , it is suggested that ths 
sams parameters ars input, first with MPS - 0 and thsn with MPS ■ 4. 

C. > Scgpg Information 

Three scopes ars used for this simulation. They ars: 

1. Ths Approach Scene - Ths approach scene for ths Denver 
tsrminal arsa is on the right hand s<’:ops in the controller room. 

2. Ths Final Scene - Ths final controller's scene is located on 
the left hand scope in the controller's room. 
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3. Backup Scop* - Tht black and whit* tcop* bg th* t*rminal mag 
b* u«*d to <^i«plag aithar th* approach or final tcan*. If th* 
function Switch 1 i* **t » than th* backup *cop* will thow th* 

approach icon*. If Switch 1 i* not **ti than th* final scan* will b* 
disp lag*d. 

Qthtr. SiilitLllJLl 

Two other twitch** mag b* usad for th* damonstrat ion. 

SWITCH ~ I f Switch 3 it satt than a ragion indicating an aitansion 
of th* runwag it ditplagad on both approach and final tcanat. 

SWITCH ^ - If Switch 6 it t*t> than th* run will b* frozan aftar th* 
nait updat*. To continu* th* run« maralg turn Switch 6 off and hit 
RETURN. If detiradi th* simulation can step through th* run bg 
laaving Switch 6 tat and hitting th* RETURN for aach updat*. 

D. - Qyjfecut Infflr iDPt ign 

At tha conclution of th* run* output information it tent to th* lin* 
printer. An axplanation of tha output; it at follows; 

1. LAND# - Tha order of th* arrivals at the runwag it listed. 

2. ENT# - This number identifies the order in which the aircraft 
enter th* terminal area. 

3. FCFS# - Thi* number idantifia* the First-Come. Firtt-Serve 
number of th* aircraft with respect to arrival at tha runwag.. If MRS 
aptuals 0. then LAND# and FCFS# are identical. 
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4. ID - Tht airlint t«g it randomly ttloctcd. Tho numbor 

follouiing tht tag it tha tarn# at th# aircraft't ENT#. Tht aircraft it 
of ttandard tiia unlttt tht ID it follouitd bg an "L” (tignifging a 
light aircraft) or an “H” (tignifging a htavg jtt). 

3. ROUTZ - Sii aircraft tgptt and routat art rapratantad hart. 
Tha routat* aircraft tgpat and tha thaoratical parcantagat for aach 
tgpa art at follouit: 

ROUTE 2 - CCIO (Haavg) - From tha touthaatt - 2SV. 

ROUTE 4 - 0737 “ From th,j northwatt - 20*/ 

ROUTE 7 - 0727 - From tha northaatt - 20*/ 

ROUTE 10 - DC9 - From tha touthaast - 15*/ 

ROUTE 12 - CV58 - From the watt - 10*/ 

ROUTE 14 - DHC6 (Light) - From tha north -10*/ 

6. ENTER - Thit number it the aircraft't tarminal area antranca 
time (in tecondt). 

7. NOMARR - Thii it tha aircraft't nominal arrival tima at tha 
runuag (in tecondt). 

8. SCHED - Thit it tha aircraft't tchadulad arrival tima at tha 
runuag (in tecondt). 

9. DELAY '■ Thit tha aircraft't dalag (uihich aqualt the 

diffarance batwcan tha aircraft't tchadulad runoiag attignmant tima and 
tha aircraft't nominal runuay arrival tima). 

10. TYTOOO - Thit it the flight tima ramaining for an aircraft 
that hat received itt final astignment at tha runway. 
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11. DELAQS - Thi« it the amount of dtlag that tha aircraft has 
absorbad prior to ricaiving its final assignment. 

12. DEL200 This is tha amount of delay that tha aircraft must 
still absorb after receiving its final assignment and prior to 
arriving at the runu/ay. 

a 

NOTE - All aircraft will receive final assignments at least 15 minutes 
prior to touchdow'> it tht runway. This lead time parameter is fixed* 
but may be altered by a software change. 

Other Outpu t 

The output also includes the total delay for all 30 aircraft* the 
average delay for each aircraft* and the effective terminal area 
arrival rate* which signifies how many aircraft enter the system per 
hour. 

If the response to the q^uestion regarding the output of final 
statistics only is anything other than a '‘1“* then the simulation will 
output information on each aircraft as it enters the terminal region 
(identification* route* first-come* first-serve number at the time* 
and the nominal arrival time at the runway). In addition* the revised 
tentative axsignments are listed. Information is also output whenever 
a tentative assignment is finalized. This information includes the 
aircraft identification* route* FCFS-RW number* time when final 
assignment was delivered* runway sequence position* scheduled arrival 
time* total delay* delay already absorbed* and delay to be absorbed. 
Appendix 4)1 includes a complete output for the demons trat ion described 


in the next section. 
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4. ££S - SAMPLE DEn gNS TRAIIQM 

This f*ction pr*t*nti a tamplt d*mon«tration of th* CPS 
mothodology at adapted to th* Evant and Suth*rland graphict tytt*m. 
Th* domonttration consittt of tiuo n*arly id*ntical timulation runt 
uihich differ only in th* value selected for the MPS parameter. In th* 
first run MPS is set equal to 0> oihich corresponds to sequencing the 

arrivals in their FCFS-RW order. Th* second run mill select a MPS 

value of 4. Differences in the tuio runs will be observed in order to 
gain insight into th* charac teristics of the CPS methodology. In 

addition to the standard outputs photographs of the displays at 
selected times throughout th* two runs will be included. 

A. Uijs. Siim 

The responses to the input questions are the same for th* two 
runs (with the exception of the MPS value). Consequently* the arrival 
process (entrance time* aircraft type* route* etc. ) will be identical 
for each run. These input values are as follows; 

1. SEED - The seed number for this demonstration is 1777. The 

resultant traffic mix is; 


ROUTE 

AIRCRAFT 

TYPE 

SIZE 

NUMBER 

GENERATED 

PERCENT 

2 

DCIO 

HEAVY 

7 

23. 33 

4 

B"37 

CONV 

7 

23. 33 

7 

B727 

CONV 

8 

26. 67 

10 

DC 9 

CONV 

3 

10. 00 

12 

CV58 

CONV 

2 

6. 67 

14 

DHC6 

LIGHT 

3 

10. 00 
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2. UPDATE INTERVAL - Th* updat* inttrval aqualt 8 •aconda. 

3. ARRIVAL RATE < appro i imatt ) - Tha input valua for tha arrival rata 
i« 45 aircraft par hour. Tha arrival procaic ia not quita Poiaaon aincc 
aircraft that ara on tha aama rcuta muat ba aaparatad initiallg bg 92 
aaconda. Alao* tha maximum intararrival tima ia aat to thraa minutaa 
Aa a conaaquanca* the thirtg aircraft in tha demonstration all arrive 
within 35 minutaa* which corraaponda to an affective arrival rata of 
52.84 aircraft par hour. Tha value aalectad ia on the high aide* 
ainca heavier arrival rataa illuatra^e the diffarancaa between FCFS-RW 
and the CPS mathodologg more dramat ical Ig. 

4. INITIAL DELAY - An initial dalag of five minutaa ia aalectad. A 
positive initial delag forces tha first aircraft to be delagad which 
aatabliahaa an initial busg period. Since the simulation run is 
limited to thirtg aircraft* the use of an initial delag will more 
accuratelg represent peak period conditions. 

D. The Output 

Tables 43 and #4 present tha summarg output for the FCFS-RUi run 
(MPS “ 0) and the MPS - 4 run respect ivelg. (Appendix #l contains the 
complete output for each run. ) 

A number of observations and comments are in order. First* 
notice that in the MPS ■ 4 run the average delag for an aircraft was 
reduced from 237.20 seconds to 194.53 seconds (an approximate savings 
of 16%). The savings were realized bg a more effective utilization of 
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MAXIMUM NUMBER OF POSITION SHIFTS = O 

EFFECTIVE ARRIVAL RATE INTO THE TERMINAL AREA = 52. 84 PER HOUR 
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th« runway. Not«« for inttanco* that UA21L it tht 29th and lait 
aircraft in the busy pariod for both runt. In tha FCFS-RW run. WA21L 
it tchadulad to land at 4160 tacondt. at comparad to 4072 tecondt in 
tha MPS ■ 4 run. Thut tha tama 29 aircraft ara tarvicad fatter in tha 
MPS * 4 cata. which impliat an incraata in capacity. (If tha buty 
pariod wera to continua. additional arrivalt would ban«rfit from thiw 
68 tacond improvamant in runway utilization. ) Tha potantial incraata 
in capacity that ratultt from amploying the CPS mathodology it clotoly 

related to the range of minimum interarrival time taparationt between 
tuccettively arriving aircraft. For example. if all aircraft 
i nterarr i va 1 time teparationt ara identical, then there would be no 
pottibla improvement over FCFS-RW. In general, the CPS methodology 
will be more likely to thift an aircraft with a large range of 
interarrival time separations. For instance, as a consequence of tha 
weigh t-dapenc ent separation distances established for following heavy 
jets. the CPS methodology will tend to "bunch” heavy jets together 
wherever possible. Ulhether or not a bias exists touiards forward or 
rearward shifts can not be determined until the specific traffic mix 
is known. Tha "bunching" together of heavy aircraft is evidenced in 
tha tiPS » 4 run. In this particular sample, tha "bunching" is 
accomplished via rearward shifts. although in other circumstances 
forward shifts would be utilized. Notice that five of the seven heavy 
jets are shifted rearward and that all other aircraft are either 
sequenced in their FCFS-RW position <17 aircraft) or are shifted 
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forward (0 aircraft). In pvak pariod*. tha improvamanta in runway 
utiliiation will typically offaat any dalay cauiad by raarward ahiftt. 
For inatanca. 14A29H ia aaquancaJ 27th in both runa. Tha 

howavar. achadulaa WA29H 80 aeconda aoonar than tha FCFS-RW run. 
Li 0 ht and alow aircr ft will alao axparianca a graatar axtrama of 
poaition «hifta. although tha limitad damonatrat ion praaantad hera haa 
too at.iall a aampla to produca any obaarvabla tranda. 

C. £££ Demonatration - Phy t pyr aBtll. 

In ordar to illustrate tha prograaa of tha aircraft through the 
terminal arca» thia aection praaanta photographa taken at four 
identical time inatants ealectad from each demonstration run. 
Actually* five photographa are presented from each run. At 28 min 16 
sac <1696 sec) snapshots of both approach and final displays were 
taken. Only tha final display is seen in photographa taken at 41 min 
36 sac (2496 sec). 54 min 24 sec (3264 sec) and 59 min 4 sec (3544 
sac). The approach scene includes a region of approx imatel y 250 
square n. m. » while the final region contains approx imately 90 square 
n. m. For reference* a 3 n. m. cross ia shown in tha left canter of 
tha displays. Photographs numbered 1 through . 5 correspond to tha 
FCFS-RW run. and those numbered 6 through 10 correspond to tha MPS * 4 
run. The approach display is seen in photographs 1 and 6 . 
Twenty-three aircraft may be identified* although those aircraft in 
the near vicinity of the runway are better observed in the final scene 
photographs numbered 2 and 7 respectively. Note that the aircraft 


P«g« 19 


shown in tht final scanst art all proparly saparatad by tha automatad 
tchadular (racall that tNa final 19 minutas of flight is assantially 
strategic). In comparing tha two saquancas of photographs, ona might 
obsarva that thara is littla to distinguish batwaan tha two runs. 
This point is significant in tha raspact that the CPS methodology nead 
not placa an axtra burden on tha final controllers (as compared to 
sequencing in a first-coma. first-sarva manner). In other words, 
provided that the aircraft absorb their delay fifteen minutac prior to 
touchdown, tha MPS “ 4 sequence is no more complicated than FCFS-RW. 
As a matter of fact. the MPS “ 4 sequence might even be easier to 
implement, since tha CPS methodology will tend to group similar 
aircraft together, whereas the FCFS-RU sequence is subject to all the 
vagaries of tha random arrival process. 

D. CPS Demonstration - Limitations and Extensions 

This section presents a discussion on limitations and possible 
extensions to the CPS demonstration simulation as currently 
configured. Section III will also discuss extensions. but in 
reference to the design of a real-time simulation study. Future 
extensions to this simulation may nevertheless be useful as a 
developmental aid for a real-time simulation study. Three major 
limitations of the current simulation are discussed below. In 
addition, an attempt is made to estimate the efrort required to expand 
the simulation. 

The first major limitation is related to the number and mix of 
aircraft. The use of six aircraft types arriving from separate 
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dirwctiont ha* *ucc*«dtd in providing *uffici«nt div*r*itg to offor a 
good ov*rvi#w of th# CPS mothodologg. For moro r##li»tn how«v*r/ 
•itonsion* should bo porformtd that will allow moro than 30 aircraft 
in a run and will includa a traffic mi« mor# r opr ouantat i v* of tho 
rogion to bo simulatod. Tho addition of moro aircraft will require a 
simple software change. Adding more aircraft types And/or routes is 
conceptually easy> but it is doubtful that the PDP—11/40 cou?d handle 
many more data tracks without exceeding its memory limits. Also> an 
expansion of the scheduling subroutine is required for each additional 
aircraft type and/or route. 

The second major limitation to the CPS demonstration is related 
to the fact that the CPS algorithm is totally automated. In order to 
implement the CPS methodology> it will be necessary to develop an 
interactive decision-making process with the controller. This 
includes procedures for the controller to input requests and 
constraints that the computer will consider when determining its 
tentative assignments. In addition* a controller-computer interface 
will be necessary to finalize the runway assignments. The programming 
effort required for this extension is quite large. The general 
scheduling problem with controller interaction is non-trivial for all 
but the simplest types of constraints. Also* it will be necessary to 
add another display that will present the scheduling information to 
the controller. Once again* it is doubtful that the PDP-11/40 could 


handle the added software on a stand-alone basis. 



Pagt 21 


Th» third major limitation to tha currant damonitrat ion it 
ralatad to tha actual flight patht placad on tha gra|)hic ditpla<jt. 
Sinca tha flight patht ara pra-datarminad and fixad< tha onlg tuay to 
dalag an aircraft hat baan to litarallg ttop it in itt track until itt 
dalag pariod had alaptad. Othar aircraft that utara folloying tha 
dalagad aircraft would hava to ba hald at wall in ordar to avoid 
ovartaking. The anpantion of tha timulation to includa raalittic and 
variable flight paths would raquira accatt to a pseudo-pilot routine 
such as that employed in tha joint NASA-Amea - FAA raal-tima 
simulations. Towards this end# the CPS demonstration has be<'.i 
designed to interface directly with the Sigma computer that drives tha 
pseudo-pilots. Onlg minor modifications will ba required to display 
the psaudo-aircraf t* but a considerable effort will be reqiurad to 
adapt the scheduler. Another major task will ba the development of 

• f 

ATC procedures for delay absorption. 

To summarize! most extensions to the current simulation require 
either considerable additional programming or access to larger 
computers or both. One area of interest which could tttpport 
independent investigation it the development of the 

controller-computer interface required for interactive sequencing and 
tchedul ing. 

F. £££ Demonstration - Pxjg.Lam Pg§.&LiJtLail 

This section describes the demonstration program. Appendix #2 
contains a complete listing of the main program and the subroutines. 
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In Addition to tht m«in programi 17 •ubroutintt aro includod. Thot* 
•ubroutinoft f«Il into on* of fivo c«ttgori«n; 1> int i t ial i >«t i om 2) 
diaplag procataingi 3) aircraft contruli taquancing and 
achaduling computational and 5) output control. Tabla bS liata and 
briaflg daacribaa tha aubroutinaa aaaociated uiith tha firat thraa 
catagoriaa> and Tabla #6 doaa tha aama for tha laat tuo catagoriaa. 


lAkiJL ~ SiiJfejjgyAijQJL 
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1) Initiflliiation Siybr o j it L it i g} , - 

SPINIT - Thia aubroutina aata up tha diract accaaa filaa for the 
aix tgpea of aircraft. 

SETUPR — Thia aubroutina requests the input parameters for a 
demonatration run. 


2) DisP-lau Process ina g ybrS L yUn &a. " 

DLDESX - This aubroutinaa draws tha routes and wagpoints on the 
Evans and Sutherland graphical displays. 

ACDRAUI - This subroutine draws the proper aircraft symbols and 
flight data tags on the displays. 

FRHSGX - In the profile descent simulation* thia subroutine drew 
the flight data table on the display. In the demonstration program* 
FRMSGX does not process any data. 

3> Aircraft S.op.y:,aI - 

5I0I0X - In the profile descent simulation* tnis subroutine 
controlled the POP link to the Sigma computer (and the pseudopilots). 
In the demonstration simulation SIGIOX calls subroutine UPDQ. 

UPD8 - This subroutine updates the aircraft positions as 
referenced by the direct access files. Also, aircraft that have 
landed are remove by UPD8. 

0ENER8 - This subroutine randomly selects the charai teristics of 
the next arrival. 

INITDL - This subroutine determines if a new arrival must incur 
an initial delay. 
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Tablt ~ Subroutint Dticriotioni 
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Stfqwtncina ±nA, SchC^uUOA SyferjBAf tiPgl 

SORT- Thi* tubroutirtff torts th# latttt jrrivol into its FCPS-RW 
pot i t i on. 

OETStT - Thit ftubroutint dttormintt tht tot of aircraft that aro 
to bo tcheduled during an iteration of the CPS algorithm. 

OETPRM - Thit tubroutino tolectt the noit permutation to be 
totted from the tot of aircraft determined by OETSET. 

FEZTST - Thit subroutine tests ti e latest permutaion *^0 determine 
whether or not it violates any of the sequencing constraints. 

SKEDUL - This subroutine schedules the runway assignment times 
for each feasible permutation. The schedule upholds tne FAA minimum 
separation distances for c o-a 1 t i tud ina 1 aircraft. 

COMPAR - This^ subroutine tests and saves the best of the 
feasible permutations. 

MKEFNL - This subroutine dets.'mines when an aircraft ir, to 
receive its final assignment. 


5) Control §y b , r o.u^l.ng. - 

OUTR - This subroutine controls the data that are output during 
and after the simulation run. 


The program also includes a number of subroutine calls and 
commands that control the Evans and Sutherland '‘Picture System". 
Table #7 lists without explanation those system commands that are 
utilized in the demonstration program to drive the graphical displays. 
For additional information* refer to the proper "Picture System" 


operations manual. 
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lAtLli ftl - EJL£lm.i &LLUm Cflroamn.li 


PSINIT 

CHAR 

POP 

PUSH 

STARTC 

RE ADC 

NUFRAM 

SCOPE 

ENCODE 

VWPORT 

U I NOON 

DRAU2D 

ISNSET 

MOVETO 

LINETO 

TEXT 

OLINK 



Tht subroutin*« in catvgorg 4) art ntarlg idantical to thoaa 
ttiritton for th* CPS algorithm undar Intarchanga No. NCA-0R233~7. 
T>>ara it< houtavar* a significant rhanga in tha tchaduling subroutina* 
8KE0UL. Consaquantlg< this subroutina ufill ba dascribad in graatar 
datail. Dasicallg# tha schaduling subroutina detarminas eha runuag 
assignmant timas for a particular faasibla parmutat t on of arriving 
aircraft via an intaractiva procass. To alucidata< tha rut.uiaij 
assignment tima for a following aircraft dapands on tha tgpa and routa 
of both tha lead and following aircrafts and tha runuiag assignment 
tima of tha laad aircraft. Tha routes of tha laad and following 
aircraft are important because the point of closest approach between 
tha aircraft must be determined. In the CPS demonstration simulation* 
tha closest approach between two si. r cess i val g arriving aircraft will 
occur at one of sii merge points (including tha runwag). If the 
following aircraft is overtaking the laad aircraft* than tha merge 
point will ba at the runwag. If tha laad aircraft is faster* than an 
tha opening situation exists* and tha closest approach will occur at 
the first intersection of tha aircraft routes. The closest approaches 
are defined in tha subroutine SKEDUL bg tha arrag MERGE. 
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One* th* point of clo**«t approach hat b**n *ttablith*d« th* 
int*rarrival tim* t*paration it d*t*rmin*d bg calculating th* 
diff*r*nc* b*tw**n th* following aircraft's trav*l tim* to th* runwag 
and th* l*ad aircraft's traval tim* to th* runwag^ assuming that th* 
aircraft start at th*ir point of closast approach. (Of co'.rs*< th* 
following aircraft will b* bahind th* l*ad aircraft bg th* appropriat* 
FAA s*paration minimum. > Th* ramaining traval tim* for aach aircraft 
tgp* at aach marg* point is containad ir tha arrag TYTOOO. A third 
dimansion is raquirad to d i f f arant iata tstwaan th* various FAA 
saparation minima that might ba in affact. A paramater SEP is 
utilixad to distinguish b*tw**n thes* minima. Whan SEP aquals tho 
tima to traval is calculatad from tha marga point. A SEP valua of 3 
corrasponds to following a convantional aircraft# whila SEP»3 
corrssponds to following a haavg jat# and finallg SEP«4 corrasponds to 
following a light aircraft. In ordar to add mora aircraft tgpas or 
diffarant tgpas of aircraft on tha sama routa it is nacessarg to 
d*t*rmin* th* marg* points for th* addad aircraft with averg other 
aircraft in tha sgstam. Also# th* ramaining traval tima from ang 
merge point must ba calculatad for each separation minimum. While 
those calculations are straigh tf orward# there is a definite increase 
in th* time required to cat up the terminal area scenario. 
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III, flg ment^at ion of Computer-Aftsifttwd Seaucnciria and Sch«dulina 
1 . Introduction 

The «ir traffic control «w«teni which incorporate* 
compute r~*e*s isted seauencine arid echedulind will evolve from the 
current swetem with one fundamental difference ~ the control of the 
aircraft will be in a time-based frame of reference as opposed to the 
current distance-oriented reference. This section examines the swstem 
reauirements •^lecessarw to support computer— assisted seouencine and 
scheciul irtS » Also presented is an overview of a time-based swstem from 
the perspectives of both pilots and controllers. For simplicitwr the 
overview will initially assume that the aircraft will be seauenced and 
scheduled in their first-comer first-servr order with respect to 
arrival at the runwas (FCFS-RW). Nextr the sustem characteristics for 
FCFS-RW will be compared to those resulting from more efficient 
seouencins strategies. Finallwr some implementation-related desien 
considerations will discussed. 

In a time-based control swstem the aircraft will be instructed to 
reach a particular point in the airspace at a eiven point in time* A* 
a conseauencer the ef fecti veness of a time-based control concept will 
in larde measure be dependent upon the aircraft delivers accuracy (in 
space and time). Technoloaical advances in the fields of 
communication f data processing and navigation maw be utilized to 
provide the necessary accuracy. For instancer a digital data link 


between the pilots and 


controllers may be used 


to reduce Pilot 
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reisponii** tim* to contn«ands« Thxs data can also axchantf* a wealth 
of other information. a conseouance the swtttem ' u surveillance and 
tracking capabilities maw be dreatlw enhanced. Processed data miaht 
be uplinked to the aircraft to offer around-based assistance to 
aircraft lackina sophisticated navidational instrumentation. A 
cockpit displaw of traffic information is another swstem capabilitw. 
Such a displaw mieht be used to assist in the safe separation of 
aircraft and in the maintenance of the orderlw flow of traffic. 
I ns t runien t a t i on such as area naviaation (RNAW) will also assist the 
pilot in deliverw accuracy. Those aircraft eauipped with four 
dimensional area naviaation (4D-RNAV) will be able to traverse the 
terminal area with little controller intervention. Aircraft without 
4D-RNAV maw still be controlled in timer provided that the ATC 
swstem's data processing and communication capabilities are employed 
to supplement the aircraft^s own navigational system* The 
instrumentation reauired for these applications are either available 
today or maw be available in the near future. The next section 
explores the seneral characteristics of a swstem designed to 
incorporate these technological advancements. 

2 . Time-Based Control - A Overview 

This section presents an outline of the proposed time-based 
control swstem from the perspectives of both the arriving aircraft and 
the controllers. For this discussion it is assumed that the aircraft 


are capable of sufficient deliverw accuracy to permit time-based 
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control. In a»ri*?rali' aircraft tliat hav« Greater variabilitw in 
dvlivar^ mav bw daalt with bw incraaiiiriiii the surroundina liM buffer 
that th«* autoeated acheduler establi«he« for aafetw* An added tiee 
bufferr how9verf aieht increase delawa to such an extent as to make 
the time-based ai^proach undesirable. (Onlw a full-blown anelwsis of a 
specific swstem will provide the answer to this ouestion.) This 
discussion also assumes that the aircraft are co be seauenced in a 
first-comef first-serve manner <FCFS). To be precise* the FCFS 
discipline reouires the specif ication of a reference point in the 
airspace (e*e. the point of system entrance* the runway threshold* the 
outer marker* etc.). In eeneral* the arrival seauence (and system 
efficiency) is influenced by the reference point selection* This is a 
conseauence of the variations in aircraft capabilities and approach 
routes. Since the runway is the system's bottleneck* FCFS-RU will be 
the FCFS discipline with the greatest runway capacity. The system 
overview is independent of the FCFS reference point* slthoudh the 
aircraft delay will be sensitive to this selection* The following is 
a fleneral overview* since any attempt to identify system 
specif icat ions at this stase of development is prematura* To beein* 

the seauence of events from the perspective of an srrivinai aircraft is 
as follows! 

!• Approximately 25-40 minutes prior to the arrival at the runwayr the 
sround-based computer reouests any updates to the current data on 
aircraft type* capabilities and approach route. 
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2. If th*re is sufficient consiestion such that dela^ is unavoidabJs f 
then the aircraft will receive instructions to absorb the delew while 
at the hiaher altitudes (where the aircraft is reletivelw fuel 
efficient) • 

3. Followina the initial delaw absorption (if anw)f the aircraft 
receives its descent clearance on a specified route. A tentative 
arrival tine is provided and if so eauipped* the aircraft's on-board 
navinat ional system will determine the aircraft's most efficient 
trajectory* A cockpit display of traffic misht be employed to help 
one aircraft follow another. 

4 . Approximately x5 to 20 minutes prior to touchdown the aircraft 
receives its final runway assianment time* assignment will become 
finalized if either a) no other aircraft can enter the system with a 
earlier FCF8 number > or b> a predetermined lead time has been 
reached* If the aircraft's final assignment time differs from its 
current tentative assianmentf the aircraft will either utilize its 
on-board navigational capabilities or controller commands or both to 
revise its current trajectory* 

5* The final 13—20 minutes of flisht is essentially automatic* The 
Pilot misht employ a cockpit display of traff ic to monitor the 
surrounding aircraft and inform the controller of any difficulties* 
Otherwise* the aircraft will follow its revised trajectory until 
touchdown (or until the final controller actives alters the aircraft's 


final approach). 
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Now consid«r an aircraft's progress ihrouflh th« isrninal arva 
from tha controllar's pcrrspcctiva* Ones aaain It is assumed that tha 
aircraft mrm capable'* of accurately followina tha controller's 
commands. The seouence of events as seen by the controller is as 
fol lows t 

1. ApproMiiiatelw 2S-40 minutes prior to arrival at the runwew the 
around-based computer reouests an update to the aircraft's data file. 
The file contains information reaerdina the aircraft's typer 
capabilities and approach route* 

2. The around computer ne^(t calculates the aircraft's nominal arrival 
time at the runway and determines the amount of unavoidable delay (if 
any). Unavoidable delay may be defined as that delay which must be 
incurred under normal circumstances* The controller will supply the 
Pilot with instructions as to how the delay should be absorbed/ 

3* The errivina aircraft's FCFS seouence is determined and its 
tentative runway assianment time is calculated by an automated 
scheduler* The automated scheduler utilizes the aircraft size* typer 
router and capability data to compute runway assianment times that 
uphold the FAA's minimum separation reauirements and also provide a 
**-*^^i*^i*i^t buffer to account for delivery inaccuracies* 

4* The tentative assignment times are finalized by the controller 
approximately 15-20 minutes prior to touchdown* Esther the 
predetermined lead time has been reached or the entrance of additional 
aircraft will not alter the aircraft's currerit runway assignment time. 
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5* Aft*r th« final aaftianmani has baan providadt tha final controllar 
aiaht raviaa tha aircraft'! traJactorwr but in aanaral tha final 
controllar will Frimarilw munitor tha aircraft with final asai!innant 
tima« to insura that thaw ramain on schadula* 

Thasa two rarsFactivas hava assunied that tha aircraft ara 
saouancad bw a FCFS disciFlina (with rasFact to a divan rafaranca 
Foint)* For anw Farticular saauanca tha automatad schadular will 
datermina tha aircraft runwaw assidnaant times such that safa 
saFaration is alwaws maintainad* A ravision to iha currant FCFS 
seouanca aidht ba raauired when a ralativelw fast aircraft enters tha 
Bwstam* (That is unless the FCFS rafaranca point is tha swstem 
entrance*) Whan such a situation arises the automated schadular must 
also revise its assiamment times* Aircraft with FCFS arrival times 
less tnan that of tha fast new arrival will retain their currant 
assidnmantfwhila aircraft with dreater FCFS arrival times will ba 
shifted rearward bw one position* As a consaouencav the airspace maw 
ba viewed as consistind of an inner stratedic control redion and an 
outer dwnamic control radion* Aircraft in tha inner redion will hava 
fixed as&idnment times while aircraft in the outer radion hava 
tentative assidnment times* The boundarw between the two redions will 
ba determined bw the time reauired for the fastest aircraft to flw the 
shortest arrival route. If the bo>.jndarw is too closa to tha runwawt 
the controllers maw wish to define their own boundarw bw reouirind the 
aircraft to recieve their final assidnments a diven lead time prior to 
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touchdown* Th« »ff»ct of such a Iti^ad tiin* would b« to stabiliz* tha 
inn«r razion at tha ^ossibla ax^anaa of aaauencinZ arrival# in 
aomathinz othar than a atrict FCFS ordar. (Thia situation ariaaa 
whanavar a naw arrival has a FCFS numbar lowar than that of an 
aircraft that has alraadw recexvad its final aasiZnaant*) Sinca tha 
FCFS diacii»lina with a non-zaro laad tiaa rasulta in Zanaral 
raseouancinz and reschadul inz r and sinca tha rasultinz saouanca aizht 
not ba strictlw FCFSr the ouastion arisas as to whathar othar 
saauancinz disci>»l inas mizht be utilized with similar characteristics 
but zraatar afficiancv* These othar stratazias mizht consider tha 
aircraft oaoratinz characteristics that tha FCFS discipline does not 
(such as waizht class diff arantiation) • Tha newt sacticn aKPloras tha 
svstem characteristics of more flexible saouancinz and schadulinZ 
discipl in«.i such as Constrained Position Shiftinz (CPS)« Of particular 
interest are tha differences and similarities between tha CPS 
disciplines and FCFS as perceived bu tha controllers and pilots* 

3* Operational Comparison of FCFS and CPS Strateaies 

The first-comav first-serve stratezw is perceived as a "fair* and 
service discipline* £!uch p strateZv mav be observed in 
numerous service svstems (e*z* banksf post offices* theatre box 
offices* <rtc * > * In terms of efficiency* when individual service times 
are independent and stationary* then the total FCFS service time for a 
Ziven set of customers will be no zreater than any othar saauencinZ 
stratesy. In the ATC system* however* service times will be 
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indeF'endant onlw if all aircraft hava tha sama oaaraiind 

charactariaticfi* Dua to tha diffarancaa in aircraft valocitiaa and 
tha FAA'a waidht dapandant aaparaticn ainiaar tha total sarvica tiaa 
for a particular »et of arrivals will danarallw daaand upon tha 
sparific runwaw seauanca salactad* As a raault» saouancind atratadiaa 
such as Constrainad Position Shiftind <CPf>) will? whan coaparad to 
FCFS raduca avarade delav and incraasa runwaw rapacitw* In othar 
wordsr FCFS aaw be 'fair'r but not necassarilw aff iciant* This 
saction coaparas the operational characteristics of FCFS-RW to tha CPS 
aathodolodw* Of interest are the adaptations reouirad to iarlamant 
tha CPS aathodolodw as opposed to FCFS-RU (as described in tha 
ravious section)* Recall that the CPS stratedw establishes a aaxiaua 
position shift (HPS) parameter which limits tha number of positions 
that anw aircraft midht be shifted (forward or rearward) from its 
FCFS-RW position* The MPS constraint will cause a local 

i 

‘darandoaization* of the arrival stream that will twpicallw reduce 
total delay and increase aircraft throudhput^* In actual itwr the FCFS 
discipline is a CPS stratedw with MPS-0* Thus this discussion will 
focus on tha swstaa response as HPS increases froa 0* A raprasantst i va 
value for tha HPS paraaatar in an actual swstaa midht be 4 or 5. MPS 
values much draatar than 5 tend to be inaauitablar i*a*» tha avarade 
delaw for certain classes of aircraft will increase rather than 
dec rease • 

Operational \w r when an aircraft enters the swstem the pilot is 
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conc«rn«cl with the aircraft's runwav^ ass i.«nmerit txme and how much 
dela^d inislht be incurred* The pilot is not necessarilw interested in 
the aircraft's FCFS-RW number. This is especially true when eeplowine 
CPS* since it is ciuite possible for an aircraft to be shifted rearward 
and wet have an earlier ru iwaw assiensient tine* For the most partf 
the pilots will not perceive any maJor differences in operations when 
HPS increases from 0 to 4 or S. There will be the potential for some 
aircraft to have Greater delay with a lareer MP8 value because of the 
possibility of rearward shifts. The increase in mawiisum delay can be 
upper bounded by MPS4T r where T represents the maximum interarrival 
time separation between successively arriving aircraft. For exampler 
if T eouals 3 minutes and HPS‘*4r then 12 minutes is a conservative 
upper bound on the additional delay that any aircraft midht receive. 
Durinii periods of heavy traffic it is auite likely that the increases 
in aircraft throughput with CPS will more than offset any increases in 
delay caused by rearward shifts. Another effect of increasing the rtPS 
value will be a chanMe in the boundary between the inner and outer 
control regions. As MPS increases the potential for reseauencind also 
increases and conseouently the runway assisinments will be finalized 
later - thereby movine the inner region boundary closer to the runway. 
An appropriately selected lead time miaht minimize this effect. In 
resard to traffic flowr the CPS met^lodolosy misht actually make the 
Pilots' mersins tasks easier. This is due to the tendency for the CPS 
methodoloiiy to a roup lil<e aircraft. Tins cluaterind effect may aid 
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traffic flow aioctt it is gen^rallu easier to follow an aircraft with a 
siMilar velocitw r-rofiler esreciallu when assisted bw a cockpit 
displaw . 

Th« differences in the FCFS-RUI and CPS disciplines ere eore 
pronounced for the controllers than the pilots* Actuallw* the 
differences are significant in the outer control region hut not thi 
inner control region* In the inner control redior. all aircraft have 
receivc'd their final runwaw assignment timesr and since these aircraft 
will not be reseuuencedr the service discipline will no longer be a 
factor* In the outer control region the aircraft receive tentative 
assignments* When a new aircraft enters the swstem the tentative 
assignments maw have to be revised* Utilizing the FCFS-RU strategw 
the reseouencing and rescheduling is straightfor ward* All aircraft 
with nominal arrival times greater than that of a new arrival will be 
shifted rearward one position* The reseouencing task becomes more 
complex when a non-zero HPS is emplowed* The HPS value places a 
constraint on the extent of shifting from FCFS-RWr and in general r 
more than one feasible seouence will exist* As a conseuuence* the 
controllers must specif w the criteria to be used to determine which of 
the feasible seouences are most favorable* This specif ication maw be 
accomplished either implicitlw (bw supplying objectives and weights to 
the automated CF'S algorithm)* or explicitly <bw designing an 
interactive algorithm which solicits added constraints or objectives 
from the controllers). The coi<trollers will be able to adjust their 
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lantativa ai>ti i anmantift far practical raa&ona whan a non-zaro MPS valua 
i& amploaadr whila ijairisi tha FCFS-RW stratasu tha conlrollara will ba 
a paaalva alamant in rasiard to tha aaa'jaricina daciaions* 0/ couraa 
tha aldorithna davalopad to iritaract with tha controllars lauat ba 
carafullw ci«aiariad and taatad to sscartain thair aotantial for both 
afficiancw and auccaa^ful implamantation* Tha final aaction will 
offar inaiahts into tha daaian of thia intaractiva awataa* 

4 , Implaaiantation-Rclatad Dasian Conaidarat iona 

A auccaaful tima-baaad control awatam «iuat coA^ina tha baat 
alamants of both coniputara and control lara . Tha data procaaaina 
capability ahould ba utilizad to rapidly datarmina tha baat aaouanca 
and achadula aubJact to particular cent rol lar-iiapoaad conatrainta* 
Tha contrcllar ahould ba utilizad to aupply thoaa conatrainta that* 
baaed upon axpariancar will raault in an ordarly flow of traffic* In 
addition to datarair.ini! affective dacision-aakina nbJactivaar tha 
desianer of tha tiaa-baaad ATC system must ba concarnad with a number 
of implementation problems* Of course e>:tarisive system development 
and taatins is necessary prior to any actual implementation. Some of 
these Issues pertain to tha dasian of a aanaral ATC systamr whila 
other ouastions must ba related to tha particular terminal area system 
to ba desianad* This section concludes by listina soma of these 
implementation concerns* 

1* Uhat procedures are the aircraft to follow to absorb delay? How 


will these procedures depend upon the amount of delay r the aircraft's 
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1 It i«s» th« aircraft's locationr and th« surroundina traffic* 

2* How accurattflw ar» the nominal flight paths folloviad? What should 
ba dona with an aircraft that falls bahind schadulaT Ara thara anw 
saaad*-um ^rocaduras? How far bahind schadula must an aircraft ba 
bafora tha tantativa saouanca is ravisad? 

3* How should tha swstam liandla missad arrroachasT What protocol 
should ba adopted to rar*aouanc^ missad arrroachasT What will harran 
to tha assiSnments and flisht paths of tha othar aircraft? 

4. How doas tha sustain ra&pond whan an aircraft has an amaraancu 
situation? Can rrioritu s8''vico ba rrovidad whan nacassarw? What 
will happan to tha othar aircraft in this situation? 

5* What harrans in the event of a computer outasa or a ronwaw closure? 
What protocol will be established for the aircraft to follow? How 
should tha swstam restart itself once the problem ^ias been resolved? 

6 » What minimum instrumentation should be reauirad bafora an aircraft 
is permitted to enter a hiflh densitu terminal area? How will the 
system mix tha lesser aauiPFod aircraft with those that are more 
advanced and sophisticated? Are anu special procedures raouirad? 
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FU4AL ASSICr4MEh4T FOR CO 8 (ROiJTE - 4 FCFG# = 8) 

CLOCK - 8oe Posnior 4 = 8 sched = 2340 

DELAYS TO I) = 164 DELAY (ABG) = O DELAY (TOGO) = 164 
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TENTATIVE AIRCRAFT ASSIGNMENTS 
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FINAL ASSIGNMENT FGR WA13 (ROUTE =• 4 FCFS# ^ 13): 

CLOCK = 1208 POSITION = 13 SCHED = 2700 

DELAY (TOT) 21S DELAY (ABS) 144 DELAY (TOGO) 
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FINAL ASSIGNMENT FOR UA19H( ROUTE = 2 FCFS# = 19). 

CLOCK = 1544 POSITION = 19 SCHED = 3200 

DELAYS TOT) = 348 DELAY (ABS) = 204 DELAY (TOGO) = 144 
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